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1. Introduction 


A single fertile pasture soil in Britain may support eight or more species of lumbricid 
earthworm (GurLp 1951 and SarcHeLL 1955). In view of the variety of feeding habits ex- 
hibited by the Lumbricidae (Gares 1961, DUNGER 1963, RHEE 1963, Zicst 1966, BoucHE 
1972, Boucné and KRETZSCHMAR 1974, and Piearce 1972a) it is of interest to determine 
the extent to which such co-existing species differ in diet. This paper presents a quantitative 
assessment of the nature of the material consumed by selected species inhabiting a per- 
manent pasture soil in North Wales. 


2. Materials and methods 


Details of the location, soil characteristics, flora and lumbricid fauna of the permanent pasture 
site at Aber, near Bangor, have been given previously (PIEARCE 1972b). This site was chosen for 
ae study because its brown earth soil-supported a variety of lumbricid species in abundance. 

e investigation was confined to adult specimens only, on the assumption that these would reflect 
the clearest differences in diet, and to six of the twelve species present, Allolobophora caliginosa 
Savieny), A. chlorotica (Savieny) [green form], A. longa UDE, Dendrobaena mammalis (SAVIGNY), 

umbricus castaneus (SavicNy) and L. rubellus HOFFMEISTER, all of which were easily obtained in 
large numbers. 
= Thirty specimens of each species were collected in the autumn of 1970, at which time of year 
Many species reach peak abundance and activity (Evans and Gurr 1947, GERARD 1963 and SATCHELL 
1967). The animals were rapidly extracted from the soil by digging and hand-sorting, dropped 
immediately into liquid air and brought back to the laboratory where the crop and gizzard contents 
were dissected out and inspected microscopically. Three major dietary components were distinguished: 
recognisable mineral particles (“‘mineral matter’’), recognisable organic fragments (‘‘organic 
fragments’’) and a complex of organic matter in an advanced state of decay, without visible 
structure, with fine organic particles (‘‘amorphous matter’’). The relative proportions of these, 
and of various minor components, was assessed as ‘‘abundant’’, ‘‘present’’ or absent”, 
and a record made of the occurrence of different types of recognisable plant material. The maximum 
length and width of organic and mineral particles in each sample was measured. 

When lumbricids are frozen in liquid air very soon after removal from soil, subsequent thawing 
and dissection reveals swellings along the oesophagus containing soil, each of which is generally 
quite distinct from its neighbours. These aggregates of ingested material have the appearance of 

i travelling from the pharynx to the crop. Their number and size were recorded for each species. 
di A further twenty-four specimens of D. mammalis and thirty of the other species, collected by 

ging and hand-sorting, were transported quickly to the laboratory, washed, rough-dried on moist 
t roe pe; and weighed, before being placed in separate Petri dishes and kept at 10 °C in the dark 
and ree days. At the end of this period the faeces produced were dried to constant weight at 100 °C 
their organic content determined as weight loss on ignition at 450 °C. 
ie relative abundance of “organic fragments” and “amorphous matter” in the crop and gizzard 
, vontents were compared between species by calculation of y?, taking P < 0.05 for significance. Since 
Ae ey of material in the crop and gizzard increases with the size of the animal, measurement 
sa Proportion of samples in which a particular component is present will give an estimate of 
ave abundance biased towards the larger species. This difficulty was overcome by basing inter- 
omparisons on the numbers of items in “abundant” and combined “present” and “absent” 
Mean particle and bolus size, fresh body weight, faecal dry weight and weight loss on 
‘Were compared using “‘Student’s” “t” test (P < 0.05 for significance). 


3. Results 


Mineral particles were abundant in the ingesta of all species (Table 1). Significant dif- 
ferences were found in the proportions of “organic fragments” to “amorphous matter” 
consumed, L. castaneus and L. rubellus taking more “organie fragments” than any of the 
other species, A. caliginosa and A. chlorotica less. The majority of recognisable plant remains 
were fragments of Gramineae leaves and fibrous material (Table 2), although roots, seed- 
and other plant parts were occasionally found. Algae were the most abundant visible micri 
organisms (Table 3). Fungi and testacean Protozoa were frequently present, together wit 
pieces of arthropod cuticle. More rarely, nematodes and enchytraeid setae were recorded. 


Table 1. Major components of crop and gizzard contents 


Species Component 

“Organic fragments” “Amorphous matter” “Mineral matter” 

++ >ja = Fat i ia aa -f 
A. caliginosa 9 10 25 5 25 4 
A. chlorotica 6 13 20 10 28 0 
A. longa 20 6 17 12 17 13 
D. mammalis 13 12 9 13 25 4 
L. castaneus 21 9 6 15 18 12 
L. rubellus 26 4 15 10 20 9 


Note. — Relative abundance expressed as number of samples out of thirty in which each item 
was abundant (+-+) or present but not abundant (+). 


Table 2. Recognisable plant remains in crop and gizzard contents 


Species Component 

Fibres Grass Setae Dicotyledonous Roots Nodes Seeds 
leaves leaves 

A. caliginosa 21 9 1 I L 0 0 

A. chlorotica 14 9 0 0 1 0 0 

A. longa 22 16 1 1 2 1 1 

D. mammatlis 13 12 0 1 0 0 0 

L. castaneus 27 18 2 1 0 2 0 

L. rubellus 25 22 0 2 1 0 1 

Note. — Occurrence in thirty samples. 

Table 3. Minor components of crop and gizzard contents 

Species Component = a 
Algae Fungi Testaceans Arthropod cuticle 
4 5 aie R ae i + FF 4 

A, caliginosa 18 12 0 26 0 10 1 12 

A. chlorotica 22 8 0 11 1 6 0 11 

A. longa 14 16 3 25 1 16 0 11 

D. mammalis 17 13 3 19 7 10 5 13 

L. castaneus 21 9 3 21 4 14 1 19 

L. rubellus 21 9 2 23 1 18 1 16 

Note. — Relative abundance expressed as number of samples out of thirty in which each item 


was abundant (++), or present but not abundant (+). 


154 


The ratio of dry faecal weight: fresh body weight was significantly lower for 1. chlorotica 
and L. castaneus than for any of the other species; faecal weight loss on ignition was signifi- 
cantly higher for L. castaneus than for any other species, and significantly lower for D. 
mammalis (Table 4). The crop and gizzard contents of the two largest lumbricids, A. longa 
and L. rubellus, contained significantly larger mineral particles than the others (Table 5) 
and significantly larger organic fragments than all except L. castaneus. Mean bolus size 
(Table 6) was also significantly greater for the two largest species, but bolus number showed 
a different pattern, significantly higher in A. caliginosa and A. longa than in the Lumbricus 
species Or D. mammalis. 


4. Discussion 


Examination of the nature of lumbricid gut contents and faeces provides only an indirect 
indication of nutritional requirements since soil is consumed for purposes other than feeding 
(for example, in the creation and extension of burrow systems; Bartey 1959) and the 
majority of plant detritus ingested passes through the alimentary canal without extensive 
degradation. Nevertheless, measurement of the relative proportions of different materials 
consumed will indicate broad similarities and differences in diet between species. 


Table 4. Faecal output and percentage weight loss on ignition 


Species Fresh body wt. Faecal dry wt. Faecal L.I. 


(mg) (% fresh body wt.) (%) 

Mean + S.E. Mean + S.E. Mean + S.E. 
A. caliginosa 541+ 6 5.53 + 0.32 14.6 + 0.51 
A. chlorotica 409 + 20 3.58 + 0.40 15.9 + 1.19 
A. longa 2,761 + 121 4.85 + 0.40 19.9 + 1.31 
D. mammalis 192+ 14 5.15 + 0.44 9.7 + 0.49 
L. castaneus 283+ 13 3.31 + 0.24 26.2 + 1.70 
L. rubellus 829+ 45 4.88 + 0.44 17.2 + 1.42 


Note. — Twenty-four specimens of Dendrobaena mammalis, thirty of other species. 


Table 5. Maximum particle sizes of mineral and identifiable organic components of crop and gizzard 
contents 


Species Mineral particles Identifiable organic fragments 
Length (mm) Width (mm) Length (mm) Width (mm) 
Mean + S.E. Mean + S.E. Mean + S.E. Mean + S.E. 
A. caliginosa 0.76 + 0.05 0.55 + 0.04 3.00 + 0.42 0.37 + 0.06 
A. chlorotica 0.58 + 0.05 0.41 + 0.03 214 + 0.26 0.37 + 0.05 
A. longa 1.01 ¥ 0.09 0.75 + 0.06 9.10 + 2.39 0.70 £ 0.09 
~mammalis 0.62 + 0.05 0.45 + 0.03 1.83 + 0.19 0.40 + 0.05 
castaneus 0.68 + 0.06 0.46 + 0.03 5.59 + 0.85 0.62 + 0.07 
L. rubellus 1.07 + 0.09 0.79 + 0.06 7.22 + 1.11 0.76 + 0.06 


Note. — Thirty samples per species. 


Table 6. Number and dimensions of food boli and occurrence of ingesta in pharynx 


Species 


No. of boli Bolus width 
(mm) 


Mean + S.E. 


Bolus length 
(mm) 
Mean + S.E. 


No. specimens with 
ingesta in pharynx 
Mean + 5.E. 


2.53 + 0.23 0.88 + 0.06 0.83 + 0.04 15 

1.50 + 0.27 0.94 + 0.09 0.82 + 0.05 11 

1.80 + 0.25 1.68 + 0.10 1.45 + 0.07 12 

0.87 + 0.17 1.34 + 0.15 0.59 + 0.05 5 

t 140+ 0.16 1.46 + 0.18 0.92 F 0.09 8 

ollus 1.00 ¥ 0.21 1.74 + 0.17 1.25 ¥ 0.12 6 


samples per species. 


a Thirty 
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From the results of the microscopic examination of crop and gizzard contents, L. castaneus 
and J. rubellus may be described as consumers of material rich in relatively undecompose<| 
plant remains, and A. caliginosa and -1 chlorotica as feeders on well-decomposed detritus, 
characterisations supported by the results of other studies (DUNGER 1963, Rube 1963, 
Zicst 1966 and Pirarce 1972a), Allolobophora longa and D. mammalis appear to be inter- 
mediate in diet. The former species has been reported as taking leaves (Srop-Bowitz 1969), 
and grass leaf fragments were a major part of the material ingested at the Aber site. Allol,.- 
phora longa readily ingests seeds of Poa pratensis L. and Phleum pratense L. in the laborat. , 
(HUFFER pers. comm.); the present study has shown that seed consumption may commo y 
occur in this species, and in the litter-feeding L. rubellus, in the field. The occurrence of root 
fragments in the ingesta of Allolobophora spp. and L. rubellus lends support to the view that 
some species may be root browsers (Warers 1955 and GERARD 1963). 

ATLAVINYTE and Poéreneé (1973) have shown that algae are digested by lumbricids 
and there is evidence that fungi (PARLE 1963) and testaceans (Mites 1963) are utilised as 
food by some species. On the basis of their relative abundance in the present study, algae, 
and to a lesser extent fungi, are possibly of some importance in the nutrition of all six species, 
testaceans in the nutrition of D. mammalis. 

The maximum size of particles in the crop and gizzard contents is a crude measur: of 
the limit of size of particle ingested. For mineral material it followed the body size seque! », 
but for organic matter there was one marked exception to the general trend, L. castan us, 
the second smallest species, took larger fragments than the moderate-sized A. caliginosa 
and A. chlorotica, a reflection of the litter-feeding habit of this species. The low dry faecal 
weight: fresh body weight ratio of L. castaneus may be related to the low weight per unit 
volume of the relatively undecomposed organic material that forms a large part of its diet: 
the significantly higher faecal weight loss on ignition of this species compared with the 
other five is a further reflection of its litter-feeding behaviour. 

Aggregations of ingested material in oesophageal swellings remained discrete, more or 
less rounded structures, in which long fibrous fragments were frequently tightly curled. 
even when the specimens had thawed completely and their muscles relaxed. They v + 
abundant in large (slow to freeze) and small (rapidly freezing) individuals. The evide: ve 
therefore suggests that the structures were true boli and not artefacts resulting from the 
rapid contraction of the oesophageal wall muscles on freezing. Formation of such boli will 
be facilitated by peristaltic contractions of the pharyngeal and oesophageal walls, and 
perhaps by flexures of the oesophageal wall during locomotion, as described by ARTHUR 
(1965). 

Values for bolus size reported here correspond closely to those for “bite” size given by 
DunGer (1963) for «1. caliginosa and L. rubellus. The greater number of boli in the oesophagus 
of A. caliginosa and A. longa than in the species of Lumbricus and D. mammalis may indicate 
(a) more regular feeding and/or (b) lower throughput of material in the oesophagus. Previ “s 
work has shown that ingested material passes through the gut of A. caliginosa more quie ¥ 
than through that of L. rubellus (Prearce 1972a). The proportion of specimens with material 
present in the pharynx was greater for A. caliginosa than for L. rubellus in the present study, 
consistent with the view that this amorphous humus feeder consumes soil more regularly. 
and processes the material it consumes more rapidly, than does the litter feeder. 

In conclusion, the six species studied fall into five separate dietary groups between 
which significant differences have been demonstrated. There is considerable interspecific 
overlap in the nature of the material consumed, this being greatest for A. caliginosa and 
A. chlorotica. 


5. Summary - Zusammenfassung 
There is considerable overlap in the diets of adults of six species of Lumbricidae sympatri 1M 


permanent pasture soil at Aber, North Wales, but five ecological groups can be distinguished 0" 
the basis of the nature, size and rate of consumption of organic and mineral matter. 
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Darminhalte einiger Regenwurmarten 


Es gibt beträchtliche Uberlappungen bei der Nahrungsaufnahme adulter Exemplare von sechs 

mpatrischen Lubricidenarten im Boden einer Dauerwiese bei Aber, Nordwales. Ant Grund von 
Art, Größe und Konsumptionsrate der organischen und mineralischen Substanz können ökologisch 
fanf Gruppen unterschieden werden. 


6. Acknowledgements 


I would like to express my thanks to Professor T. B. Reynoldson for advice and encouragement 
throughout this study and for kindly commenting on the manuscript, Professor J. M. Dodd for the 
use of laboratory facilities in the Department of Zoology, University College of North Wales, Bangor, 
and the staff of the College Farm for permission to work at the permanent pasture site. Miss A. luffer 
kindly made available to me unpublished data on seed consumption by earthworms. The work was 
earried out during the tenure of an Imperial Chemical Industries postdoctoral research fellowship. 


7. References 


Artuur, D. R., 1965. Form and function in the interpretation of feeding in lumbricid worms. View- 
points in Biology 4, 204—251. 

Atiavinyte, 0., and Poéreng, C., 1973. The effect of earthworms and their activity on the amount 
of algae in the soil. Pedobiologia 18, 445—455. 

Barey, K. P., 1959. The influence of earthworms on soil fertility. II. Consumption of soil and organic 
matter by the earthworm Allolobophora caliginosa (Savicny). Aust. J. agr. Res. 10, 179—185. 

Boucué, M. B., 1972. Lombriciens de France — écologie et systématique. Institut National de la 
Recherche Agronomique, Annales de Zoologie — Écologie animale (numéro hors-série), pp. 1— 671. 

— et Krerzscumar, A., 1974. Fonctions des lombriciens II — Recherches méthodologiques pour 
l'analyse du sol ingéré (étude du peuplement de la station R.C.P. — 165/P.B.1.). Rev. Ecol. 
Biol. Sol. 11, 127—139. 

Doncer, W., 1963. Leistungsspezifitit bei Streuzersetzern. In: Doeksen, J., and J. VAN DER DRIFT 
(eds.): Soil Organisms. North-Holland Publ. Co., Amsterdam, pp. 92—102. 

Evans, A. C., and Guitp, W. J. McL., 1947. Studies on the relationship between earthworms and 
soil fertility. I. Biological studies in the field. Ann. appl. Biol. 34, 307—330. 

Gates, G. E., 1961. Ecology of some earthworms with special reference to seasonal activity. Am. 

- Midl. Nat. 66, 61—86. 

Gerar, B. M., 1963. The activities of some species of Lumbricidae in pasture-land. In: DOEKSEN, J., 

_ and J. van per Drirt (eds.): Soil Organisms. North-Holland Publ. Co., Amsterdam, pp. 49—54. 

Guiro, W. J. McL., 1951. The distribution and population density of Lumbricidae (earthworms) 
in Scottish pasture fields. J. anim. Ecol. 20, 88—97. 

Mus, H. B., 1963. Soil protozoa and earthworm nutrition. Soil Sci. 95, 407—409. 

Parte, J. N., 1963. Micro-organisms in the intestines of earthworms. J. Gen. Microbiol. 31, 1—11. 

Prearce, T. G., 1972a. The calcium relations of selected Lumbricidae. J. anim. Ecol. 41, 167—188. 

= 1972b. Acid intolerant and ubiquitous Lumbricidae in selected habitats in North Wales. J. anim. 
Ecol. 41, 397—410. 

HEE, J. A. van, 1963. Earthworm activities and the breakdown of organic matter in agricultural 
soils. In: DOEKSEN, J., and J. VAN DER DRIFT (eds.): Soil Organisms. North-Holland Publ. Co., 
Amsterdam, pp. 55—59. 

BATCHELL, J. E., 1955. Some aspects of earthworm ecology. In: Kevan, D. K. McE. (ed.): Soil 
Zoology. Butterworths, London, pp. 180—201. 

e a par aricii, In: Burces, A., and F. Raw (eds.): Soil Biology. Academic Press, London, 
p. TT 

Stør-Bowrrz, C., 1969. A contribution to our knowledge of the systematics and zoogeography of 

W Norwegian earthworms (Annelida Oligochaeta: Lumbricidae). Nytt. Mag. Zool. 17, 169—280. 

ATERS, R. A. S., 1955. Numbers and weights of earthworms under a highly productive pasture. 
N. Z. J. Sci. Technol. 36, 516—525. 

csi, A., 1966. Laboratory observations on the feeding ecology of earthworm species in Hungary. 

_ din: Rapoport, A. (ed.): Progress en Biologia del Suelo. Centro de Cooperación Científica de la 
f nesco para América Latina, Montevideo, pp. 267—282. 

Man re of the author: Dr. T. G. Prearcr, Department of Biological Sciences, University of 
Ancaster, Bailrige, Lancaster LA1 4YQ, U.K. 


logia, Bd. 18, H. 2 157 


